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SUMMARY

A new heat process was developed
that permits the continuous treatment
of maple sirup to develop more flavor
and color in the sirups. This process,
utilizing temperatures well above the
normal (atmospheric) boiling temper-
atures of the sirups, requires a very
short heating time. The conditions of
temperatures and of heating times are
easily and quickly changed, which per-
mits production of sirups that meet the
required flavor and color specifications
for different end uses.

INTRODUCTION

The flavor of maple sirup is devel-
oped during the atmospheric boiling
of maple sap to concentrate it to sirup
density. Low-temperature concentra-
tion of normal maple sap (contains
about 29 sugar) to sirup or to com-
plete dryness produces a product de-
void of maple flavor (Willits and
Porter, 1950; Willits et al., 1952).
Maple flavor is developed in this fla-
vorless sirup by heating it. The effect
of heating sirups under various econ-
ditions of témperatures and water con-
tent has been reported (Porter et al.,
1952). Also, it has been found that
the usual commercial process of con-
centration by atmospherie boiling does
not convert all flavor precursors in sap
to maple flavor. Willits and Porter
(1950) found that heating the average
commercial standard-density sirup at
temperatures above its normal atmo-
spheric boiling point (250-255°F)
produced sirups with increased flavor.
The extent of flavor development was
dependent on both the temperature
elevation (amount of heat) and on the
duration of the heating period. A
public-service patent for the enhance-
ment or high-flavoring of maple sirup
by heat was issued, based on their
work (Willits and Porter, 1951).
While the Willits-Porter process in-
volved heating the sugar-sirup at low
water content to retard “caramel” for-
mation, it and the process of Whitby
(1936), in which the sirup was heated

by autoclaving, had two objectionable
features: 1) the sirups have to he pro-
cessed batchwise; and 2) there is lit-
tle or no flexibility in changing the heat
conditions or time of heating of each
individual batch.

To overcome these objections, a new,
continuous process, deseribed in this
paper, has been-developed. By the new
process, maple sirup is passed con-
tinuously under pressure through a
heat-exchanger to raise it quickly to
some elevated temperature. It is held
at this temperature for a period and
then passed through a second heat-
exchanger to lower its temperature
quickly to a point below that of its
atmospherie boiling point (ca 219°F)
before it is released to atmospheric
pressure through a relief valve. ‘Also
reported in this paper are the effects
of the amount of heat and time of
heating (hold-up time) by this con-
tinuous process on the flavor, color,
pH, and sugars of maple sirup.

EXPERIMENTAL

The apparatus for the experimental
studies consisted of the following eom-
mercially available parts: 1) a vari-
able-speed high-pressure gear pump
which delivered a constant volume for
each speed at pressures from 50 to 100
psig; 2) a heat-exchanger, consisting
of four 8-ft lengths of 34-inch-ID
stainless-steel tubing mounted in 2-
inch-ID pipe; 3) a heat-exchanger for
cooling, consisting of two 8-ft lengths
of 34-inch-ID stainless-steel = tubing
mounted in 2-inch-ID pipe; 4) a pres-
sure relief valve adjustable to differ-
ent pressures; 5) a by-pass assembly
to by-pass the pressure valve; 6) a
steam reducing valve to provide steam
of any desired pressure to the heat-
exchanger; 7) a steam trap to remove
condensate from the heat-exchanger;
8) in-line thermometers for measuring
the temperature of the heated and of
the cooled sirup; and 9) gauges for
steam pressures and pumped-sirup
pressures. A sketch of the complete
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Fig. 1. Flow diagram for continuous
high-flavoring of maple sirup.

apparatus is shown in Fig. 1.

The volume of the sirup chamber of
the heat-exchanger was determined and
the pump delivery rates established.
In the high-flavoring studies, the sirup
was fed to the pump and the system
pumped full of sirup at atmospherie
pressure. As soon as the sirup emerged
from the discharge, the pressure by-
pass valve was closed and the pressure
relief valve adjusted to maintain 100
psi in the sirup line as shown by the
sirup line pressure gauge, or set at a
pressure equal to or in excess of the
pressure at which the steam is to be
fed to the heat-exchanger. Water was
then turned on in the cooler (second

_heat-exchanger) and high-pressure

steam was admitted to the heater (first
heat-exchanger). Finally, the pressure
of the steam was adjusted to provide
the -temperature desired for the pro-
cessing of a particular lot of sirup. A
thermometer was mounted in the sirup
line ahead of the pressure relief valve
to indicate the temperature of the
processed sirup and to indicate the
adjustment of the flow of cooling water
(second heat-exchanger) to assure that
the temperature of the processed sirup
was lower than its atmospherie boiling
point before it was discharged from

‘the apparatus.

The extent of flavor and color de-
velopment in maple sirup is dependent
on two interrelated variables: the tem-
perature at which the sirup is heated,
and the duration of the heating period.
In this continuous process the temper-
ature of the sirup is that of saturated
steam for that pressure at which it is
supplied to the heat-exchanger. The
time of heating is the ratio of the vol-
ume of the sirup chamber of the heat-
exchanger to the rate at which the
sirnp is pumped through the exchanger,
both volume and rates being expressed
in the same units.

To determine the effects of these two
variables by the continuous process, a
U.S. Grade A sirup was selected for
treatment. Based on data obtained
with the older batch process, the best
high-flavored product would be ob-
tained with this grade. Also, this grade

“of sirup represents 80% of the total



sirup erop.

The sirup was continuously pro-
cessed under different combinations of
conditions, 3 different temperatures (3
saturated steam pressures) with 5 dif-
ferent heating (holding) periods. For
each of the 3 heating temperatures,
307, 329, and 338°F, there were 5 dif-
ferent heating times, 4.3, 7.7, 10.6, 15,
and 24.3 min. The temperatures were
obtained by heating the heat-exchanger
with saturated steam at 60, 80, and 100
psi. The different heating times were
obtained by changing the speed (rate
of discharge) of the gear pump. Sam-
ples of the processed sirups represen-
tative of the 15 different treatments
were taken after the sirup being pro-
cessed by each set of conditions had
reached equilibration. These samples,
as well as the original sirup, were
analyzed for flavor, color, pH, and in-
vert sugar.

The flavor values indicate number-
of-fold increase as measured organo-
leptically. The untreated commercial
sirup was used as a standard. A glass
electrode was used to measure the pH
of the sirups. The colors were mea-
sured by: 1) matching a 1-inch-deep
layer of sirup with MeAdams color
standards; and 2) diluting a weighed
amount of the treated sirup with an
amount of a colorless sucrose sirup (of
the same density) so that the diluted
sirup produced a visual mateh with
the original. The number-of-fold in-
crease in color is the ratio of the total
weight of the diluted sirup to the orig-
ial weight of the maple sirup. ' The
invert sugars were measured by a gas
chromatographic procedure based on
that deseribed by Wells et al. (1964).

The data showing the results of the
different treatments are shown in
Table 1.

RESULTS AND DISCUSSION

To make possible the use of a con-
tinuous process for the heat treatment
of maple sirups at temperatures well
above their atmospherie boiling point,
it was necessary that the process be
carried out in a closed system and
under sufficient pressure that none of
the water in the sirup would be lost
as vapor. This technique has been used
to pasteurize and process food products
in a similar, but not quite parallel,
application called high-temperature
short-time (HTST). If the heat source
is high-pressure steam, as would usu-
ally be the case in maple sirup proces-
sing, then the sirup should be kept
under a pressure equal to, or prefer-
ably above, the pressure of the satu-
rated steam being used to heat the
sirup.

To keep the time required to heat
the sirup to the temperature of the
saturated steam as short as possible
and to minimize temperature gradients
within the sirup, the tubes in the Leat-
exchanger should be of small diameter.

Table 1 shows that the commercial
Grade A sirup reacted in the same gen-
eral manner when heated at various
elevated temperatures in the continuous
high-flavoring apparatus. There was a
decrease in pH, an increase in maple
flavor, a darkening of color, and an
increase in invert sugar.

The extent of these changes is re-
lated to the amount of heat to which
the sirup is exposed, i.e., the tempera-
ture and the time of exposure. TFig.
2 shows that at 307°F, the lowest treat-
ment temperature, there was a pro-
nounced increase in maple flavor and
only a small increase in caramel flavor
even when the hold-up time was ex-
tended twofold. It also shows that a
hold-up time of 7.7 min at 307° pro-
duced the same amount of flavor as
was produced in 4.3 min at 324°F.
Thus it is possible to achieve the same
results by lengthening the time of the
lower processing temperature or by
raising the temperature and shorten-
ing the time of heat treatment. The
figure also shows that as the heating
temperature was increased a greater
amount of caramel was found. The
optimum conditions for producing
strongest maple-flavored sirup rela-
tively free of caramel for any lot of
sirup must be determined experimen-
tally. In the work reported here these
conditions were 324°F for 10.6 min.
Fig. 2 also shows that as the tempera-
ture and time of heating increase, the
total flavor in the sirup builds up at
an accelerated rate. However, this
flavor tends to progressively lose its
maple character and beecomes acrid and
caramel-like. These strongly flavored
sirups are no longer valuable for use
as pure maple sirups, but do constitute
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Fig. 2. TFlavor developed in maple
sirup by heating it at different tempera-
tures for varying lengths of time. Broken
lines indicate undetermined limits of each
flavor.
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Fig. 3. Color developed in maple sirup
by heating it at different temperatures
for varying lengths of time.
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Fig. 4. The ph of a maple sirup heated
at different temperatures for varying
lengths of time.
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Fig. 5. The invert sugar in maple sirup
heated at different temperatures for vary-
ing lengths of time.

flavor bases for making blends of cane
and maple sirup. Upon dilution with
cane sirup, the “caramel”’-flavored
maple base loses the caramel flavor and
the maple again becomes the predom-
inating flavor.

Fig. 3 shows that color was formed

in the sirup at an accelerated rate as
the temperature of heating was raised.
At the lowest processing temperature
tested (307°F'), increasing the heating
time from 4.3 to 24.3 min caused only
a 5.6-fold increase in color. When the
processing temperature was raised to
338°F, a pronounced color increase oc-
curred. Increasing the hold-up time
from 4.3 to 24.3 min, at this higher
temperature, caused a 40-fold increase
in color, with a sharp break oceurring
between heating times of 10.6 and 15
min. This is in accord with earlier
work (Porter et al., 1952) on the ef-
fects of heating sirups. It was also
observed that the continuous process,
with its much closer control of tem-
perature and time of heating, makes
it possible to improve the flavor of the
darker grades of sirup without making
them too dark to be of commercial
value as table sirups.

During the heat treatment, the pH
and the invert sugar content also
changed. As shown in Fig. 4, the pH
of the sirup decreased as the time of
heating and amount of heat (tempera-
ture) increased. This was reported in
earlier work, but additional data are
still needed to establish the relation-
ship of pH change to properties of the
heated sirup. Fig. 5 shows the changes
in the invert sugar content of the com-
mercial sirup as its heating conditions
were varied. The inerease in invert
sugar confirms the results of earlier
studies of Hayward and Pederson
(1946) and of Porter et al. (1952).
In addition, each curve in Fig. 5 shows
a point where an accelerated rate of
invert formation begins for each pro-
cessing temperature. At higher tem-
peratures, the break point occurred at
a lower hold-up time. At 309°F (60

psig steam pressure) the break point
was at 10.6 min hold-up time; at 324°F
(80 psig pressure) this was at 7.7 min
hold-up time; at 338°F (100 lb steam
pressure) the break was at or below
4.3 min hold-up time. From the data
in Table 1 it can be seen that these
break points indicate the conditions at
which the “caramel” flavor begins to
be predominant. Also, at these break
points the decreasing pH of the sirup
reaches a value slightly above 5.

To further test the applicability of
continuous process, a bland sirup (es-
sentially colorless and flavorless), ob-
tained by vacuum evaporating maple
sap, was passed through the apparatus
at several different temperatures and
hold-up times. The results are shown
in Table 2. This sirup yielded produects
with levels of flavor differing with the
treatment used.

These data also show that by this
process it is possible to produce in a
bland sirup a higher intensity of maple
flavor before the caramel flavor be-
comes significant, than can be produced
in a commercial sirup. Likewise, the
color of processed bland sirups is less
than that produced in processed com-
mercial sirups. These observations are
of special value since a recent develop-
ment in the maple industry has been
the conversion of vegetable and fruit
processing plants to maple sap con-
centration plants. Some of these use
vacuum evaporation equipment and
produce bland maple sirups. These
bland sirups must be heat-treated either
by the batch or by the new continuous
process to develop maple flavor.

TLe value of this new proeess is its
continuous feature, which makes pos-
sible: 1) the close control that can be
maintained over the amount of heat
and the time of heating; and 2) the
ease and rapidity with which these
conditions can be changed to produce
any type of sirup, ranging from light-
colored ones of enhanced flavor to those
of dark eolor and strong flavor.

Table 2. The effect of heating a bland vacuum-concentrated maple sap at different
temperatures and for different times by the continuous process.

Temperature

307°F (60 psig, steam)

324°F (80 psig, steam)

hm'e Flavor Flavor
(min) pH Color 2 Maple Caramel pH Color 2 Maple Caramel
0 7.80 65 % b 0
4.3 6.63 120 3% 0
. 5.3 6.50 130 % 0
7.7 6.10 135 1 0 5.25 145 2 +0b Yo
10.0 5.85 135 1% 0 4.80 160 2+ A
12.3 5.55 140 2 0 4.45 185 2 ++ 1
a

Color compared to McAdams scale.
b Flavor of commercial sirup = 1.



